The historical ineffectiveness of marine pollut i o n monitoring programs is attributed to deficiencies at the most fundamental levels of program design: 1) specification of management problems and monitoring objectives;
2 ) identification of the detailed information needs and assessment of the value of t h a t information; and 3) optimization of the sampling design for the temporal and spatial variability in the measurement parameters selected.
In recent years a number of pollution-effects measures have been advocated by disciplinary scientists as components for pollution monitoring programs. These measurement approaches include 1) chemical analysis o f suspected toxicants; 2 ) biochemical and physiological measures of organismic exposure and/or condition;
3) measures of community response, such as biomass and divers i t y ; and 4) toxicity bioassays of water and sediments. Such measurements are discussed i n terms of their applicability t o a s u i t e of generic monitoring objectives.
INTRODUCTION
In e a r l i e r papers (1-3) t h i s author has emphasized the integral and interactive role of monitoring in overall marine pollution management strategies. The designers of s c i e n t i f i c monitoring programs usually express concern for the statistical strength of a proposed sampling program t o overcome sources of natural varia b i l i t y and t o document cause-effect relationships (4-6), b u t other elements critical for management effectiveness are often overlooked. Most importantly, the management. objectives and information needs from the monitoring program are frequently not specified, mainly as a result of fragmentation of jurisdictional responsibility among numerous different sectors of society and government (1,7).
In a management-oriented approach t o monitoring, social, economic and environmental values (e.g. , human health effects, loss of resource populations, etc.) should be represented a s directly as possible in the selection of indicators for monitoring. Appropriate management actions should also be indicated, a t least tentatively, for different threshold levels in the monitored indicators. Such an approach i s needed t o define the levels of 1 i t t l e o r no concern, and t o guide the design of a temporally and spatially stratified sampling program t o ensure: a ) t h a t adequate s t a t i s t i c a l resolution is achieved in those areas where c r i t e r i a of acceptability are being approached (i.e. , where important changes are occurring), and b ) that excessive effort is not placed on over-definition of t r i v i a l changes well below those criterion levels (8 
t o i d e n t i f y and q u a n t i f y l a r g e -s c a l e e n v i r o nmental changes anticipated as possible consequences o f m u l t i p l e a c t i v i t i e s b e i n g managed separately.
Secondly, these objectives implicitly acknowledge some a s s i m i l a t i v e c a p a c i t y o f t h e e n v i r o n m e n t I. Com l i a n c e : a ) t o c o n f i r m t h a t c o n t a m i n a n t s e l e c t e d c r i t e r i a o f a c c e p t a b i l i t y such as +(composition, amounts, r a t e s , e t c . ) w a t e r -q u a l i t y c r i t e r i a {13, 14) , s e d i m e n t -q u a l i t y a r e c o n s i s t e n t w i t h e x p e c t a t i o n (e.g., w i t h i n c r i t e r i a (15) , o r a r e q u i r e m e n t f o r b a l a n c e d o e r m i t t e d l i m i t a t i o n s ) ; indigenous populations (16).
6 ) t o c o n f i r m t h a t o t h e r o p e r a t i o n a l r e q u i r ements (geographic location of discharge, timing of discharge, equipment performance s p e c i f i c a t i o n s , e t c . ) a r e met; c ) t o q u a n t i f y b o u n d a r y c o n d i t i o n s f o r a n y hypothesis-testing, or research (below). 11. Hypothesis-Testing: a) t o v e r i f y t h a t t h e r e s u l t a n t b ) t o v e r i f y t h a t t h e r e s u l t a n t m a g n i t u d e s o f selected contaminant-associated effects are w i t h i n t h e e x p e c t e d ( a c c e p t a b l e ) bounds (i .e. , t o v a l i d a t e t h e d o s e -e f f e c t and exposure models f o r w h a t e v e r t a r g e t e f f e c t s , o r end points, were used i n s e t t i n g t h e a p p l i c a b l e r e l e a s e l i m i t a t i o n s ) ; c) to determine whether (and, i f so, how) t h e s c a l e s o f c o n t a m i n a n t d i s t r i b u t i o n a n d / o r contaminant-associated effects are changing; d ) t o d e t e c t u n e x p e c t e d ( o r u n t a r g e t e d ) contaminants or contaminant-related effects. 111. Trend Flonitoring: a) to detect changes i n contaminant concentrations and compositions o c c u r r i n g g e n e r a l l y i n t h e e n v i r o n m e n t as a c u m u l a t i v e r e s u l t o f m u l t i p l e s o u r c e s w i t h overlapping spheres of influence; and b ) t o d e t e c t changes i n b i o l o g i c a l i n d i c a t o r s t h a t may r e f l e c t c u m u l a t i v e e f f e c t s o f mu1 tiple contaminant sources with overlapping spheres o f i n f l u e n c e .
The above s u i t e o f o b j e c t i v e s i s
based on a few fundamental premises. First, contaminants have sources, and e f f e c t i v e management n e c e s s a r i l y and u l t i m a t e l y w i l l i n v o l v e c o n t r o l l i n g t h e n a t u r e and magnitude o f those sources within some s p e c i f i e d , acceptable bounds. Regul atory s t i p u l a t i o n s ( e . g . , discharge and r e c e i v i n g w a t e r c r i t e r i a ) w i l l be designed therefore to prevent s i g n i f i c a n t ( o r u n a c c e p t a b l e ) n e a r -f i e l d e f f e c t s e i t h e r w i t h i n o r beyond the boundaries o f a s p e c i f i e d m i x i n g zone, o r zone o f d i r e c t i m p a c t . If unacceptable outcomes, o r e f f e c t s , a r e n o t d e t e c t a b l e i n t h e n e a r -f i e l d , i t i s u n l i k e l y ( b u t u n f o r t u n a t e l y , n o t i m p o s s i b l e ) t h a t f a r -f i e l d e f f e c t s w i l l be unacceptable.
These r e l a t i o ns h P r o p e r l y i n t e g r a t e d , t h e v a r i o u s h i e r a r c h i c a l e l e m e n t s c a n r e p r e s e n t a comprehensive and effective program of measurements, whose r e s u l t s a d d r e s s management concerns on a1 1 p e r t i n e n t s c a l e s o f t i m e and space. A
Beyond these vaguely defined boundaries, however, concerns w i l l remain about potential broad-scale (and long-telin) changes i n ;he h e a l t h o r p r o d u c t i v i t y o f important resource p o p u l a t i o n s . C a u s e -e f f e c t r e l a t i o n s h i p s a r e t y p i c a l l y v e r y e l u s i v e i n such f a r -f i e l d , t r e n d monitoring programs, and i t may b e i m p o s s i b l e t o apply knowledge about any observed environmental change e f f e c t i v e l y i n subsequent management d e c i s i o n s ( i . e . , t o a l l e v i a t e t h e c a u s e o f t h e environmental changes). Nonetheless , some
1533
.
such changes a r e found to occur. Specifying the nature of these changes and defining the consequent action plans are clearly important components of monitoring design. Most o f these measures have proven successful ( t o varying degrees) in detecting gradients of contaminant effect i n areas of moderate disturbance, b u t suffer from problems of non-specificity (i.e., to contaminants) of response and/or insensitivity (i.e., low signal-to-noise ratios) i n areas of only modest contamination.
Spatial and Temporal Considerations
Wolf2 and O'Connor (1) discussed and i l l u s t r a t e d the strong relationship between the spatial and temporal scales pertinent to the different categories of monitoring objectives (compliance, hypothesis--testing, and trends). For compliance objectives (1.a-c, above), sampling i s performed a t or near the -point and time of discharge, w i t h a frequency and/or duration dictated by the nature (continuous discharge, pulsed, or distinct events) and variability of the source. Hypothesis-testing (1I.a-c) requires (at least initially) intensive and short-term sampling near the sources, and especially if the resultant contaminant concentrations o r e f f e c t s are significant relative to regulatory standards or other criteria of acceptability ( 3 ) . Once the relationships (among the source term, natural dispersive processes and the resultant scales of d i s t r i b u t i o n and e f f e c t s ) have been established s a t i s f a c t o r i l y
Capuzzo and
Kester ( 6 ) suggested that (nonmigratory) demersal f i s h and shellfish populations should be used as the principal target organisms in monitoring programs. They further suggested a suite o f measures that included the contaminant contents (including metabolites) of tissues (relative to those i n ambient sediments and interstitial waters), the activities of detoxification enzymes, the incidence o f disease and histopathologies, the seasonal variations i n energy reserve, and the reproductive status and recruitment of juvenile phases.
With t h i s information, potential changes a t t h e organismal and population levels could be detected and analyzed before irreversible damage i s l i k e l y t o occur a t the community or ecosystem level ( 6 ) .
t h e v a r i o u s p r o c e d u r e s , t h e i n t e n s i v e approach proposed above seems b e s t s u i t e d f o r areas of moderate contamination where such e f f e c t s a r e d e t e c t a b l e ( i . e . , d i r e c t e d a g a i n a t objectives II.b,c). Bioassay approaches (e.g., 21-23) f o r m e a s u r i n g t o x i c i t y ( l e
contaminant compos i t i o n s and c o n c e n t r a t i o n s i n s e l e c t e d e n v i r o nmental components and locations where this potential occurrence (or increase)
i s most l i k e l y t o show up i f it occurs, or where i t would be o f s i g n i f i c a n t c o n c e r n c o m p l e t e l y i r r e s p e c t i v e o f source. and few e f f o r t s have been made t o q u a n t i f y t h e p o t e n t i a l s i g n i f i c a n c e o f r e g i o n a l p o l l u t i o n t r e n d s F i n a l l y , t r e n d m o n i t o r i n g i s r e q u i r e d i n a r e a s d i s t a n t f r o m known sources o f contaminants t o ascertain whether undesired changes are occurring on s p a t i a l and temporal scales much g r e a t e r t h a n those addressed by the source-oriented portions of the program.
Such t a r g e t s m i g h t i n c l u d e e d i b l e t i s
Low i n t e n s i t y s a m p l i n g and c h e m i c a l . a n a l y s i s 'of organisms and sediments from selected remote locations i s suggested, along with continuous surveillance and population modeling of valued resource organisms.
To b e e f f e c t i v e , t h e s u i t e o f m o n i t o r i n g objectives should be viewed and operated as a s i n g l e program, probably on a r e g i o n a l b a s i s . I n s t i t u t i o n a l s e p a r a t i o n o f d i f f e r e n t m o n i t o r i n g f u n c t i o n s r e s u l t s i n redundancy o f e f f o r t , l a c k of i n t e r -c o m p a r a b i l i t y , and i n c o m p l e t e i n t e r p r et a t i o n o f r e s u l t s . 
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